In this paper two exact solutions to the Einstein equations are obtained, from a isobaric scalar field (P = const). It is established that the solution of this field in a symmetry of the type of Petrov D, tends with the increasing time, to become isotropic, so that it agrees with the solution of an isobaric scalar field, but in homogeneous isotropic symmetry (of the type Friedmann flat). It is determined that in the outskirts of the cosmological singularity, the solutions of both symmetries are unique, but as time increases, they tend to be close to the dark energy solutions in FRWL plane. The homogeneous anisotropic solution of Petrov D is divided into two possible solutions, depending if a constant is positive or not, for the case in which the constant is positive, it is had that space-time, in its beginnings, expands in mayor form on one of its axes (axis z), tending to a solution of Kasner's vacuum when t → 0, but if the constant is taken as negative, the expansion becomes more intense on a plane (plane xy) in relation with the axis z. If it is considerate the constant as negative, when t → 0, the solution resembles that of the flat world, but without it being so. There are studied the Hubble parameters and the deceleration in both solutions, and it is determined that the Hubble parameter, tends an infinity, when t → 0 and to a proportional constant to |P |, when t → ∞, in the solutions of both symmetries. The deceleration parameter, at the beginning of these symmetries, has a positive value (different for each model), and with the 320 R. Alvarado course of time it changes to negative, so that in the above mentioned models, the expansion begins with a deceleration process, decreasing until a time in which it stops decelerating and from this, begins an acceleration process, which tends to become constant with the increase of the time. The stability of Jacobi is studied and it is obtained that the solution with the homogeneous anisotropic symmetry of Petrov D, is stable, for t > 0, and for the case of homogeneous isotropic space-time solution, it is for a certain interval of time t ∈]0, t 1/2 ], in where t 1/2 is approximately half of the time of existence that is considered it has the Universe.
Introduction
The cosmology has become more dynamic from the information of the microwave background radiation, obtained by the COBE, WMAP and PLANCK satellites and the discovery of the acceleration of the Universe [1, 2] , these and other aspects have been discussed in [3] . The study of cosmological scalar fields is important because of the possibilities of investigating the different states of the matter through which the Universe could pass. In the inflation theory, the Higgs field, for example, is often considered as a model of matter suitable for the above mentioned model. It has been possible to determine mixtures of scalar fields with ideal fluids, for which the equality is fulfilled P = λµ, in where P and µ, are the pressure and the energetic volumetric density of the fields, in such a way that has obtained a scalar potential of said mixture [4] and blends of scalar fields of dark energy in the presence of perfect fluids [5] . Other details of interest are the anisotropic acceleration of the study of supernovas type Ia and the data of the gamma-ray burst (in the direction of the Vulpecula constellation) with an anisotropy level of the deceleration parameter ∆q 0,max /q 0 = 0.79 −0.28 +0.27 [6] , [7] , in addition to the evidence, through the study of Ia supernovae, that the Universe went through a stage of deceleration before beginning the stage of acceleration [8] [9] , [10] , an asymmetry of the value of Hubble parameter of ∆H/H < 0.038 [11] as well as a type of redshift anisotropy in studies of Quasars and Seyfert Galaxies [12] . The stability of Jacobi has been analyzed, [13] for scalar fields in a plane FRW space-time, of the types of Higgs, phantom quintessence and tachyonic determining that the Higgs field alternates between stable and unstable phases, the rest being unstable. General discussions [15] about the particles formation, especially, in outskirts with the cosmological singularity, establish that particles with zero inertial mass do not arise from undisturbed solutions of the FRW type (conformally plane models) and with non-zero inertial mass, are practically not born, except for disturbed and inhomogeneous cases [16] , but anisotropic and homogeneous models can both be born. Due to the above, the interest arises to study scalar fields in anisotropic and homogeneous models, such as the anisotropic space-time of the type of Petrov D. The symmetry that will be used in this work is the anisotropic and homogeneous type of Petrov D, which has the form[3]
in where F and K, are functions of t.
The components of the Einstein tensor [17] 
where the points on the functions represent time derivatives
The scalar field
The scalar field of this study is determined by the following lagrangian:
where V (φ) represents the scalar potential of interaction and φ the function of the scalar field.
Noting that due to the spatial homogeneity (see G , it concludes that the scalar function φ = φ (t) and that the impulse energy tensor, of (6) has the form
in where the point on φ represents the partial derivative by t. 
By subtracting the equality (9) with (10) it is haḋ
where
without loss of generalities it is possible to take in (12) to K 0 = 1 and the constant C 1 = ±2/3, what offers two possible situations,as will be noted later. The Einstein's equations(8, 9 y 10), to consider (12) , takes the form
The equation of the scalar field gets the form
which is also obtained from T ν µ;ν = 0, in where V ,φ is the derivative of V by φ. The volumetric energy density of the scalar field and the pressure are given by
For the case of our interest the pressure P , satisfy the following equality P = −D 0 , where D 0 is a positive constant, and of T ν µ;ν = 0, using (1), P and µ it is had thatμ
whose solution is
where β 0 > 0 is an interrogation constant. Of the equation (13) it is had that
and of the equality (18) , that
the scalar function it is obtain by subtracting (13) less (14), from wherė
The solution of (21), is obtained by considering(19) and has the form
in where 
in where nc(x, k) is the elliptic function of Jacobi nc, φ 0 = 1/18
The solutions (22, 23) y (19), satisfy the equations of the field (15) and Einstein's (13), (14) . The solutions (22, 23) are real ( ). The solution of the function K (12), gets the form
, (24) in where the function H(x − y) is the Heaviside's function, which guarantees that K ∈ .
Analysis of the solutions of the type Petrov D 2.4.1 Singularities and tendencies I
The possible singularity, when t → 0, in the obtained solutions, can be investigated using the Kretschman invariant, which is defined as Krest = R αβγσ R αβγσ . For the used symmetry, considering (12) , it is had two possibles invariants, in relation to the positive or negative value of C 1 = ±2/3, which have the form
The invariant Krets ± , to consider (19) is
in where G = 3D 0 t 2 + β 0 t + 1. When t → 0, it is obtain that
and for Krets − , is obtained
The solutions, with positive or negative sign, in (12) , are singular, when t → 0, although in a more accented way, when the positive sign is taken. For the case, for example, when D 0 < β 2 0 /12, the function K, when t → 0,
and the function F → 1, for what the metric (1), tends to
in where
, where
The metric (30), tends to a solution of the Kasner vacuum, when the positive sign is taken in K and it tends to be similar to that of the flat world, without it being, when the negative sign is taken in K. The previous thing accord with the observed for the case of a fluid of the type dust [3] . When t → ∞, it is had that
The solution tends to behave in a similar way to the solution of the dark energy model, for saying límite [3] , so, on having done a change of coordinates of t = e 
, it is had that
The Hubble parameters and deceleration I
The Hubble parameters H and deceleration q, for the anisotropic symmetry of the type of Petrov D, have been studied in [18] and are defined, for a symmetry of the type
in where e, A, B y C, are functions of t, of the form
and
for the case of the used symmetry(1), it is had that A = B in (34). Of the solutions (19) and (24) it is had that (34) and (35) are
When t → 0, the Hubble parameters and deceleration, tends to H → ∞ and q → 2,and when t → ∞, tends to H → D 0 /3 and q → −1, what indicates that a change exists in the process of expansion of the Universe, which initially slows down for then accelerates, passing through a moment when it does not accelerate or decelerate in t q 0 =
Stability of Jacobi I
The study of stability of the solution would be done in the manner established in [13] or [14] , but proceeding for the anisotropic and homogeneous space-time type of Petrov D. Be [13] , a system of differential equations of the second order
A field vector S of the form
it is known as semispray, and the functions G i (x i , y i ) are known as local coefficient of the semispray. The nonlinear connection coefficients N , are defined in the way
The second invariant of Kosambi-Cartan-Chern(KCC) or tensor of deviation of the curvature,is defined as
in where G i jl is the Berwald's connection, that is defined as
For the study of the stability of Jacobi, or KCC theory, according to RouthHurwitz's criterion, it is established that if
the system is stable of Jacobi, otherwise it is not. The differential equations of the second order,for a homogeneous anisotropic symmetry of the type of Petrov D and a scalar field given by (6) , are obtained by adding (14)+(13), in whereḞ
and of the scalar field equation (15) and (44)
Derived by t, the equation (44) and using in this result the same equation, it is obtainedF
In the order of the KCC theory [13] , it will be defined x 1 = F , y 1 =Ḟ , x 2 = φ, y 2 =φ, for what the local coefficients of the semispray, (45) and (46), gets the form
in where V is the partial derivative of V by x 2 . The nonlinear connection coefficients N i j of (40) and (47), are
(48) and of (48), the elements of the Berwald connection, (42), are
The elements of the deflection tensor of the curvature (41), of (48) and (49), has the form
The relations N eg = P (19), (20) and on having obtainedφ of (21), has the form
of (51) and (52), it is had that the solution is stable of Jacobi, for any value of t > 0.
3 Isobaric scalar field in an isotropic and homogeneous space-time
The symmetry of isotropic and homogeneous spacetime and Einstein's equations
The metric used for this study is of the flat type of FRWL, and has the form
in where a(t) is a function of the time. The Einstein tensor, for the above mentioned metric, has the form
and the energy-impulse tensor, has the form of (7). The pressure of the field meet with the equality P = −G
in where C 1 is a constant of integration which, for comfort, will be considered equal to C 1 = 2/3. The volumetric energy density of the field is
The scalar potential is determined from V = 1/2(µ − P ), so that
and the scalar function φ, it is obtained ofφ
in where φ 0 is a constant. The scalar potential has the following form
3.2 Analysis of the solutions of the type isotropic and homogeneous
Singularities and tendencies II
In the same way to the done for the case of an anisotropic symmetry of Petrov D, it is had for the case of a homogeneous isotropic space-time, of the type (53), the invariant of Kretschmann, has the form
from where it is obtained that when t → 0, the invariant (60), tends to Krest → 80t −4 /27, that is to say, is singular in t = 0. Of the metric (53) and the solution (55), it is had that when t → ∞, the metric tends to behave like a dark energy solution, that is, a ∼ e
The Hubble parameters and deceleration II
The Hubble parameters H and deceleration q, for the isotropic and homogeneous symmetry of the shape (53), is defined as
Of (61), it is had that the Hubble parameter, tends to the infinity, when t → 0, but if t → ∞, tends to a constant value equal to H → D 0 /3. The deceleration parameter when t → 0, tends to q → 1/2, in an equal time to t q 0 = 2arccosh(
)/ √ 3D 0 , has a value q = 0, and as time increases, it tends to q → −1, which represents a similar situation to the one that was obtained for the same problem, but in a homogeneous anisotropic symmetry of Petrov D, although with an initial deceleration less pronounced for the present case.
Jacobi stability II
The study of stability of the scalar field solutions (6) in a space-time of the flat type of Fridman (homogeneous isotropy), it will be done of the way that is established in [13] , for which it is had that the components of the tensor of the deviation of the curvature, are
The relations N eg = P 
in where ξ = cosh
. The values of t, for which it is fulfilled that the solution is stable of Jacobi, are t ∈]0, t q 0 ], in where
) is the time when the deceleration parameter q = 0. If it is considered that the pressure of the Universe is of P ≈ −5.2 · 10 −10 P a, and it changes t → ct, and D 0 → κD 0 = −κP it is obtained that the maximum time during which the solution is stable, and q = 0, is t = t q 0 = t 1/2 ≈ 7.74 · 10 9 years, which represents a 56.5% of the time that exists the Universe. Assuming that the solution is valid until today, and making the change of µ → κµ, it is had that the energetic volumetric density is µ ≈ 7.68 · 10 −10 J/m 3 .
Conclusions
The solutions of scalar cosmological isobaric fields, in homogeneous isotropic symmetries and homogeneous anisotropy of Petrov D, are both singular, when t → 0, however, for the symmetric of the type Petrov D, there are two possible solutions, depending on the sign taken for a constant (the above mentioned difference determines if on an axis the space is elongated more than on a plane, or otherwise [3] ) and the intensity with which they enter to the singularity is major for the solution with positive sign (close to the behavior of the isotropic model), and of less intensity for the case of the negative sign, in a relation of Krest + /Krest − ∼ 1/t 2 . The solutions of the type of Petrov D, tend to become isotropic with the increase of the time, close to the solution of the dark energy model in FRWL,in the same way the isotropic solution has the above mentioned tendency. An analysis of the Hubble parameters and deceleration, for the solutions, determine that for the solution of the type Petrov D (averaged parameters), there are no differences in relation to the sign of the constant mentioned previously. For both symmetries, the Hubble parameter tends to infinite, when t → 0 and to a constant value H → D 0 /3 ∼ |P |, when t → ∞. The deceleration parameter, for the case of Petrov D, tends to q → 2, when t → 0, and the isotropic model to q → 1/2, in both positive cases, what it means, that, for these models, the Universe at the beginning it expand decelerating, with the difference that is major the deceleration in case of Petrov D. For both models there is a time when the Universe stops decelerating and begins an acceleration process, and tend to q → −1, when t → ∞, which implies that for the two symmetries, the Universe accelerates its expansion in the expected manner for the case of dark energy in FRWL. The study of the stability of Jacobi, for the solution (or solutions) of the homogeneous anisotropic symmetry of the type Petrov D, determines that it is stable for any value of t > 0, while for the homogeneous isotropic symmetry (of the flat type of Friedmann), it is, but for a certain interval of time. Assuming a value of the pressure P = −5.2 · 10 −10 P a,the solution turns out to be stable in a time interval t ∈]0, t 1/2 ], in where t 1/2 7.74 · 10 9 years, which represents approximately half of the time, which is believed to exist, the Universe.
